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FQREWORD 
The work descr ibed he re in  is sponsored by t h e  National Aeronautics 
and Space Administration under Contract NAS 3-6474. R .  L. Davies and 
P. L. Stone of NASA-ltewis Research Center are t h e  NA$A Technical Managers. 
The program is being administered fo r  t h e  General Electr ic  Company 
by E .  E .  Hoffman, and R. W. Harrison is a c t i n g  as t h e  Program Manager. 
Personnel making major contributions t o  t h e  program during the  cur ren t  
r epor t ing  period include : 
T-111 Corrosion Loop Posttest Evaluat ion - J. Smith, A.  Losekamp 
Chemical Analysis - H. Bradley, L. Paian 
1900'F Lithium Loop - J. Smith, T. Irwin 
Advanced Tantalum Alloy Capsule Tes t s  - 0 .  Brandenburg 
v i  
ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 
I .  INTRODUCTION 
T h i s  repor t  covers t h e  period from Apr i l  15, 1970 t o  July 15, 1970 
of a t h r e e  par t  program. 
A .  T-111 Rankine System Corrosion Tes t  Loop 
The primary t a s k  of t h i s  program is  t o  f a b r i c a t e ,  operate  f o r  
10,000 hours,  and ‘evaluate  a T-111 Rankine System Corrosion Tes t  Loop. 
Mater ia ls  f o r  eva lua t ion  include the  containment a l l o y ,  T-111 (Ta-8W-2Hf) 
and t h e  tu rb ine  candidate  materials Mo-TZC and Cb-132M which are located 
i n  t he  tu rb ine  s imulator  of t h e  two-phase potassium c i r cu i t  of t h e  sys t em.  
The loop design is similar t o  t h e  Cb-1Zr Rankine System Corrosion Test 
Loop; a two-phase, forced convection, potassium corrosion t e s t  loop which 
was t e s t e d  under Contract NAS 3-2547. Lithium was heated by d i r e c t  
r e s i s t a n c e  i n  a primary loop. H e a t  r e j e c t i o n  f o r  condensation i n  the  
secondary potassium loop was accomplished by r a d i a t i o n  i n  a high vacuum 
environment t o  the  water cooled chamber. The compat ib i l i ty  of t he  se- 
l ec t ed  ma te r i a l s  is  being evaluated a t  condi t ions  representa t ive  of space 
electric power system operat ing condi t ions ,  namely: 
a .  
b .  
C .  
d .  
e .  
f .  
g *  
h.  
Boiling temperature,  2050°F 
Superheat temperature,  2150°F 
Condensing temperature,  1400OF 
Subcooling temperature,  1000°F 
Mass flow r a t e ,  40 lb /hr  
Boi ler  e x i t  vapor ve loc i ty ,  50 f t / s e c  
Average heat f l u x  i n  plug (0-18 inches) ,  240,000 Btu/hr f t  
Average heat f l u x  i n  b o i l e r  (0-250 inches) ,  23,000 Btu/hr f t  
2 
2 
This loop completed 10,000 hours of t e s t i n g  i n  March 1970 and i s  under- 
going eva lua t ion .  
(l)€Ioffman, E e E .  and Holowach, J *, Cb-1Zr Rankine System Corrosion T e s t  
Loop, Potassium Corrosion Tes t  Loop Development Topical Report No. 7 ,  
NASA-CR-1509, 1970. 
1 
B. 1900'F Lithium Loop 
Also included i n  t h e  program is t h e  f a b r i c a t i o n ,  7500-hour operat ion,  
and evaluat ion of a 1900'F, high flow ve loc i ty  (1  gpm), pumped l i th ium 
loop designed t o  eva lua te  t h e  compat ib i l i ty  of "-111 clad UN f u e l  specimens, 
ASTAR 811 t y p e  a l l o y s ,  T-111, Mo-TZM and W-Re-Mo A l l a y  256," a t  condi t ions 
s imulat ing a space power reactor system. The planned schedule for t h i s  
loop is  a 2500 hour test  with replacement. of t w o  f u e l  capsules  and then  
an add i t iona l  5000 hour test of the  loop. 
C. Advanced Tantalum Allov Catmule T e s t s  
The program a l s o  included capsule  t e s t i n g  t o  eva lua te  advanced 
tantalum a l l o y s  of t h e  ASTAR 811 type (Ta-8W-lRe-lHf) i n  both potassium 
and l i th ium.  Refluxing potassium capsule  tests a t  2200°F and l i th ium 
thermal convection capsule  tests a t  2400'F completed 5000 hours of test-  
ing,  and the  test specimens were evaluated.  The r e s u l t s  of these  tests 
have been reported i n  previous qua r t e r ly  r epor t s ;  t he re fo re ,  they a r e  
not discussed i n  t h i s  r e p o r t .  
* 
W-25 a/o Re-30 a/o Mo (W-29 w/o Re-18  W/Q Mo) 
2 
r 
Pos t t e s t  eva lua t ion  of t h e  loop components from t h e  10,000 hours 
t e s t i n g  of t he  T-111 Rankine System Corrosion T e s t  Loop is well  underway. 
Most of t h e  chemical analyses  a r e  complete and metallographic examinat ion 
has been i n i t i a t e d .  I n i t i a l  chemical analyses  ind ica t e  some dep le t ion  of 
oxygen from the  T-111 by t h e  l i th ium.  Evidence of higher  oxygen i n  t h e  
potassium c i r c u i t  has been observed; however, more analyses  a r e  needed t o  
ve r i fy  t h e  oxygen d i s t r i b u t i o n .  
The 1900'F Lithium Loop successfu l ly  completed the  i n i t i a l  2500 hours 
of t e s t i n g .  As planned, t h e  loop w a s  shut-down af ter  t h i s  i n i t i a l  test 
period, and t h e  f u e l  test  s e c t i o n  and assoc ia ted  specimens were removed 
f o r  examination. New specimens have been added, and t h e  f u e l  test  sec t ion  
has been successfu l ly  re-welded i n t o  t h e  loop. The loop is  i n  the  f i n a l  
s t ages  of being r e s t a r t e d  f o r  t h e  remaining 5000 hours of t e s t i n g .  I n i t i a l  
r e su l t s  of t he  f u e l  specimen examination ind ica t e  no de le t e r ious  e f f e c t s  
of t h e  2500 hour l i t h ium exposure. 
3 
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111. PROGRAM STATUS 
A .  T-111 Rankine Svstem Corrosion T e s t  LOOD 
1. Removal of Residual Alka l i  Metal 
After  completion of v i sua l  inspect ion,  t h e  boi le r - turb ine  s imulator  
The chamber was evacuated assembly was t r ans fe r r ed  t o  t h e  weld chamber. 
and back-f i l led wi th  argon, and valves were at tached t o  t h e  l i th ium and 
the  potassium c i r c u i t s  t o  f a c i l i t a t e  removal of r e s idua l  a l k a l i  metals 
with l i q u i d  ammonia. The assembly was removed from t h e  weld chamber and 
connected t o  the  l i q u i d  ammonia system described previously.  (I) The 
assembly w a s  maintained a t  -5OOC i n  a l i q u i d  n i t rogen  cooled, 50 percent 
(by volume;) mixture of methanol and water held i n  insu la ted  conta iners  a s  
shown i n  Figure 1. When t h e  assembly reached -50°C, the  temperature 
necessary t o  maintain t h e  ammonia i n  a l i q u i d  s t a t e ,  t h e  argon flow valve 
was closed and the  valve t o  t h e  ammonia b o t t l e  opened. The ammonia flow 
through t h e  assembly was maintained u n t i l  t he  e f f l u e n t  was c l e a r  and 
c o l o r l e s s .  The l i th ium c i r c u i t  contained a g r e a t e r  quagt i ty  of a l k a l i  
metal t han  the  potassium c i r c u i t  and required a g r e a t e r  quant i ty  of 
l i qu id  ammonia t o  remove t h e  l i th ium.  Similar  observat ions were made 
when t h e  a l k a l i  metals were removed from t h e  b o i l e r  previously.  Each 
c i r c u i t  of t h e  assembly w a s  f lushed with d i s t i l l e d  water and e t h y l  alcohol 
and allowed t o  dry .  
2 .  F ina l  Preparat ion f o r  P o s t t e s t  Evaluation 
To obta in  a l l  of t h e  desired chemistry, metallographic and o ther  
type of specimens needed f o r  pos t t e s t  evaluat ion,  t h e  boi le r - turb ine  
assembly was cut i n t o  t h e  f i v e  following major subassemblies: 
1) Plug sec t ion  of b o i l e r  
2)  Boi le r  
3) F i r s t  s t age  tu rb ine  s imulator  
4) Potassium vapor crossover l i n e  
(l)Advanced Refractory Alloy Corrosion Loop Program Quarterly Progress 
Report #13, Period Ending J u l y  15, 1968, NASA-CR-72483, pp 27. 
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Figure 1, Set-Up f o r  the  Removal of Residual Alka l i  Metals from T-111 Rankine System Corrosion 
T e s t  Loop Components by Reaction with Liquid Ammonia. (P70-4-18B) 
5) Nine s t age  tu rb ine  s imulator  
These subassemblies were f u r t h e r  d i s sec t ed ,  a s  described below, t o  
f a c i l i t a t e  f u r t h e r  v i sua l  examination and obta in  necessary specimens. 
a )  Plug sec t ion  of b o i l e r  
The plug sec t ion  of t h e  b o i l e r  w a s  disassembled as shown i n  
Figure 2 by f i l i n g  t h e  welds a t  t h e  bottom f i t t i n g  and a t  t h e  
bottom of t h e  s w i r l e r  wire. The most i n t e r e s t i n g  observat ions 
were made on the  3/8-inch potassium containment tube which is 
shown i n  Figure 3. Of p a r t i c u l a r  i n t e r e s t  is  the  gold colored 
deposi t  on t h e  OD of t he  tube .  The gold colored depos i t ,  which has been 
i d e n t i f i e d  a s  €EN by x-ray d i f f r a c t i o n  techniques,  appeared heavi- 
e s t  i n  the  region of t h e  f i t t i n g  shown i n  the  in se t  of Figure 3.  
The t r a n s i t i o n  from the  lower tube a rea  containing the  HfN deposi t  
t o  t h e  upper tube a rea  without deposi t  is b e l i e v e d  t o  be t h e  a rea  
a t  which the  I D  of t h e  3/8-inch tube wal l  becomes exposed t o  
e s s e n t i a l l y  dry potassium vapor; whereas, t he  l i qu id  is confined 
t o  t h e  centerbody-swirler w i r e  i n s e r t .  The h e l i c a l  shape of the  
t r a n s i t i o n  probably r e s u l t s  from the  potassium flow pa t t e rn  induced 
by t h e  swi r l e r  w i r e .  No deposi t  or d i sco lo ra t ion  w a s  observed on 
the  swi r l e r  wire-plug insert ,  a s  can be seen i n  Figure 3. 
b) Boi le r  
The b o i l e r  was f u r t h e r  cu t  as shown i n  Figure 4 t o  allow 
c l o s e r  examination of each c o i l .  I n i t i a l  plans were t o  remove 
the  3/8-inch tube from each c o i l ;  however, t he  e l i p t i c a l  shape 
of t he  1-inch l i th ium containment tube r e s u l t i n g  from t h e  forming 
operat ion prevented removal of t h e  spacers  holding the  3/8-inch 
tube i n  place.  Because of t h i s  problem only two c o i l s  were cut-up 
f o r  complete examination. The c o i l  of primary i n t e r e s t  contained 
the  b o i l e r  r e p a i r  welds(” and i s  shown i n  Figure 5. As can be 
seen i n  t h e  i n s e t , n o  evidence of corrosion or d i sco lo ra t ion  was 
observed. 
(2)Advanced Refractory Alloy Corrbsion Loop Program Quarterly Progress 
Report #14, Period Ending October 1968, NASA-CR-72505 (GESP-189) p 14 .  
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Figure 2, Components of Boiler Plug Section of T-111 Rankine System Corrosion T e s t  Loop 
Following 10,000 Hours of Continuous Operation. (Orig. P70-5-lM) 
9 
Figure 4. Boi l e r  from T-111 Rankine System Corrosion T e s t  Loop Following 10,000 Hours 
of Continuous Operation I l l u s t r a t i n g  Location of Cut Providing Removal and 
Inspec t ion  of Indiv idua l  Coi l s  (Orig. P70-5-12A) 
?- 
l o  
R e 
Figure 5. Repair Welds i n  Boi le r  Tubes of T-111 Rankine System Corrosion T e s t  Loop 
Following 10,000 Hours of Continuous Operation. (Orlg. P30-5-12E, P70-5-12B) 
c) 'Turbine s imulators  
The nozzles and blades w e r e  removed from the  turb ine  s imulators  
by making a longi tudina l  cu t  i n  each of the  housings a s  described 
previously e (3) The appearance of a l l  blades and nozzles was ve ry  
good, and no s igns  of gross  corrosion o r  e ros ion  were observed. 
Potassium vapor flow pa t t e rns  w e r e  observed on the  blades,  a s  seen 
i n  Figures 6 and 7 .  The flow pa t t e rns  appear merely a s  v e r y  t h i n  
a reas  of d i sco lo ra t ion  on t h e  impingement sur face  and do not rep- 
resent  any se r ious  build-up o r  d e t e r i o r a t i o n .  As can be seen i n  
Figure 6 , the  Stage 1 nozzle s t i l l  has a p a r t  of the T-111 housing 
at tached t o  i t ;  t h i s  could not be removed because the  nozzle had 
become securely bonded t o  the  end plug during the  10,000 hour 
exposure apparent ly  due t o  the  v e r y l t i g h t  f i t  of the  mating com- 
ponents. The nozzles of t he  f i r s t ,  second, s i x t h  and t e n t h  s tages  
were sectioned longi tudina l ly  t o  allow 
na t ion .  A s  can be seen i n  Figure 8 no 
nozzles occurred. 
3. Pos t t e s t  Evaluation 
f o r  b e t t e r  v i sua l  exami- 
d e t e r i o r a t i o n  of t h e  
Metallographic examination 
Metallographic examination w i l l  be performed on specimens 
cut  from the  loca t ions  shown i n  Figure 9 .  Specimens from both t h e  
l i th ium and potassium c i r c u i t s  w i l l  be examined and the  micro- 
s t r u c t u r e s  compared with untested ( p r e t e s t )  specidens from the  
same l o t  of ma te r i a l .  . A l l  pretest specimens were heat t r e a t e d  
f o r  1 hour a t  2400OF t o  s imulate  the  loop postweld anneal .  D i f -  
f e rences  i n  microstructure  observed would the re fo re  be a r e s u l t  
of t h e  test exposure. Special  emphasis w i l l  be placed on t h e  
examination of t he  welds made during the  repair and replacement 
of t h e  b o i l e r  f o r  any s igns  of corrosion s ince  t h i s  loop was the  
f i r s t  of i ts  kind t o  be repaired and subsequently t e s t e d  success- 
f u l l y  without d i f f i c u l t y .  
(3)Hof fman, E e E .  and Holowach, J * ,  Cb-1Zr Rankine System Corrosion 
T e s t  Loop, Potassium Corrosion T e s t  Loop Development Topical Report 
N O .  7 ,  NASA-CR-1509 (GESP-246) pp 236. 
12 
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Portion of T-111 , 





Figure 6 .  Turbine Simulator Nozzles, Blades and Support Pads Following 10,000 Hours of 
Continuous Exposure t o  Potassium Vapor i n  the  T-111 Rankine System Corrosion 
T e s t  Loop, 
(Orig. P70-5-6M) 
All are Mo-TZC Except Stages 6 and 9 Which are Cb-132M. 
Support Pad 
Concave Side Convex Side 
O D e s i g n a t e s  S t a g e s  of T u r b i n e  S i m u l a t o r  
Figure 7 ,  Concave and Convex S i d e  of Turbine Simulator Blades Following 10,000 Hours 
Continuous Exposure to  Potassium Vapor i n  the T-111 Rankine System Corrosion 
Test Loop. 
(Orig. P70-5-6P and P70-5-6N) 
Al l  are Mo-TZC Except Stages 6 and 9 Which are Cb-132M. 
I I ' 
0.5" -4 
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Figure 8. Longitudinal Cross Sec t ion  of Turbine Simulator Nozzles Following 10,000 Hours of 
Continuous Exposure t o  Potassium Vapor i n  t h e  T-111 Rankine System Corrosion T e s t  
LOOP. (P70-6-5A) (P70-6-5B) (P70-6-5C) (P70-6-5D) 
Vapor 
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Figure 9. Location of Specimens for Metallographic Examination from the T-111 Rankine 
System Corrosion Test Loop Following 10,000 Hours of Continuous Operation. 
(All are Transverse Sections Unless Noted Otherwise.) 
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All' metallography specimens have been n i cke l  plated ( fo r  edge 
preserva t ion) ,  mounted, polished and are ready f o r  f i n a l  examination. 
b) Chemical ana lys i s  
Chemical analyses  f o r  C, 0, H, N have been obtained on specimens 
cut  from the  loca t ions  shown i n  Figure 10. The r e su l t s  of a l l  . 
analyses  from loop components performed t o  d a t e  are presented i n  
Tables I ,  I1 and 111. The r e s u l t s  of oxygen a n a l y s i s  are summarized 
i n  Figure 11. 
The oxygen concent ra t ions  i n  t h e  1-inch diameter T-111 tubing,  
t he  I D  of which was exposed t o  l i th ium,  are a l l  5 10 ppm. The d i s -  
so lu t ion  of oxygen from t h e  T - I l l  by t h e  l i t h ium is c l e a r l y  ind i -  
cated and has been observed previously.  (4) 
i n  t h e  3/8-inch diameter T-111 tubing exposed t o  l i th ium on t h e  OD 
The oxygen concentrat  ions 
and potassium on t h e  ID are less cons i s t en t ,  wi th  some l a r g e  oxygen 
concentrat ions ind ica ted .  The a n a l y t i c a l  r e s u l t s  of t h e  inne r  and 
ou te r  w a l l  segment specimens coupled wi th  t h e  oxygen d i s s o l u t i o n  
observed i n  t h e  1-inch diameter tube ind ica t e s  t h e  high oxygen 
(> 50 ppm) source is t h e  potassium. Two high oxygen peaks were 
observed; t h e  f i r s t  was found 5 t o  6 inches from the  l i th ium e x i t  
( b o i l e r  i n l e t ) ,  and t h e  second w a s  found 16 t o  18 inches froin t h e  
l i th ium e x i t .  It  is cu r ren t ly  bel ieved t h a t  t h e  f i r s t  oxygen peak 
is assoc ia ted  wi th  t h e  region where t h e  inner  w a l l  of t h e  potassium 
containment tube (3/8-inch) becomes e s s e n t i a l l y  6ry .  From t h i s  region 
t o  t h e  end of t h e  plug sec t ion  most of t h e  remaining potassium l i q u i d  
i s  c a r r i e d  along on t h e  swirler w i r e  and centerbody. I t  is hypo- 
thes ized  t h a t  as l i q u i d  potassium i s  converted t o  vapor i n  t h i s  area,  
the  oxygen concentrat ion of t h e  remaining l i q u i d  becomes increas ingly  
higher  u n t i l  it f i n a l l y  is  concentrated a t  the w a l l  and contaminates 
the  T-111 e i t h e r  by absorpt ion and i n t e r s t i t i a l  d i f f u s i o n  and/or by 
r eac t ion ,  possibly cor ros ion .  Metallographic examination of specimens 
from t h i s  area should e l u c i d a t e  t h i s  pos tu l a t e .  
(4)Advanced Refractory Alloy Corrosion Loop Program, Quarter ly  Progress 
Report N o .  18 f o r  Period Ending October 15, 1969, NASA Contract NAS 
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Figure 10, Location of Specimens Used for Chemical Analyses of  Loop Components from the 
T-111 Rankine System Corrosion Test Loop Following 10,000 Hours of Continuous 
Operation, 
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TABLE I. RESULTS OF CHEMICAL ANALYSIS OF SPECIMENS OF T-lll 




Temperature Chemical Analysis, ppm 
C - H - 0 ’  N - - OF 
(L-1) U’Bottom of plug section at 2128 1 18 < 1 19 
17 
inch of wall Avg. 1 18 1 18 
-1 -- 19 -- 2 lithium exit, inner 0.020 -
(L-2) Bottom of plug section at 
lithium exit, total wall 
(L-15) Top of plug section 18 inches 
from lithium exit, inner 
0.020 inch of wall 
(L-16) Top of plug section 18 inches 
from lithium exit, total 
wall 
(L-19) Top of boiler 1 1/2 inches 
from lithium inlet, total 
wall 
2128 11 14 1 
- 13 -10 
Avg. 10 13 1 
2 200 8 16 < 1  
12 21 
Avg. Is 18 < 1 
2200 2 13 < 1  
2 14 
Avg. 2 13 < 1 
2244 5 13 < 1 
12 6 




















(L-20) Top of boiler 1 1/2 inches 2244 1 14 < 1 37 
46 
0.020 inch of wall Avg. 2 14 <?r 41 _. 
4 15 from lithium inlet, inner I I 
Before test 17 2 1 44 
- - 
a) 1-inch OD x 0.10-inch wall thickness. 
b’ Specimen location indicated in Figure 10. 
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Specimen Identification 
and Dzscription - -- -- - - - _- - - - - - - - 
( L-3 ) 
(L-4) 
(L-5) 











Bottom of plug section at 
lithium exit, total wall 
Bottom of plug section, 1/2 
inch from lithium exit, inner 
0.020 inch of wall 
Bottom of plug section, 1 1/2 
inch from lithium exit, outer 
0.020 inch of wall 
2 112 inches from lithium exit, 
inner 0.023 inch of wall 
3 1/2 inches from lithium exit, 
outer 0.023 inch of wall 
4 inches from lithium exit, 
total wall 
5 inches from lithium exit, 
total wall 
5,1/2 inches from lithium exit, 
inner 0.020 inch of wall 
6 1/2 inches from lithium exit, 
outer 0.020 inch of wall 
Top of plug section 14 inches 
from lithium exit, total wall 
Top of plug section 14 3/4 
inches from lithium exit, 
inner 0.023 inch qf wall 
Top of plug section 15 3/4 
inches from lithium exit, 
outer 0.020 inch of wall 
Top of plug section 16 3/4 
inches from lithium exit, 
total wall 
Top of plug section 17 1/4 
inches from lithiun exit, 
total wall 
(L-21)*Top of boiler 6 1/2 inches 
from lithium inlet, total 
wall 
(L-22)*Top of boiler 6 1/2 inches 
from lithium inlet, inner 
0.020 inch of wall * 
(L-23) Top of boiler 1 1/2 inches 
from lithium inlet, outer 









Chemical Analysis, ppm 
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29 2 < 1  Before test, replacement tube used for 8 
boiler repair 
--_ 
a) 3/8-inch OD Y 0.065-inch wall thickness. 
P 
TABLF: III. RESULTS OF CWEMICAL ANALYSIS OF MISCELT,ANEOUS SPECIMENS OF 
T-111 ALLOY EXPOSED To POTASSIUM OR LITHIUM DURING THE 10,000-HOUR TEST 
Specimen Identification 
and Description 
Temperature I Chemical Analysis, ppm 
C - H - N - 0 - OF 
Potassium Circuit 
(K-1) Center body and swirl wire, a' 1850 53 8 2 51 
bottom of plug section 48 
Avg. 44 7 1 49 
-1 -- 7 -36 
(K-21 Center body and swirl wire, a) 2040 156 7 3 31 
top of plug section 45 5 
Avg . 233 6 2 38 -2 -_. 271 -
(K-3) Vapor carryover tube, b) 1g0oc) 35 7 1 71 
61 
of insulation, total wall Avg. 31 6 < 1  66 
(K-4) Vapor carryover tube, 1900') 17 4 < 1  67 
67 uninsulated, 1/2 inch from end 
of insulation, inner 0.020 Avg. 16 4 e 1  67 
inch of wall 
(K-5) Vapor carryover tube, unin- 1900") 50 4 1 58 
67 sulated, 1/2 inch from end of 
insulation, outer 0.020 inch Avg. 51 5 1 62 
of wall 
Before test 17 2 1 44 
-5 < 1  - -uninsulated, 1/2 inch from end 24 
- -4 -16 -
I 
1 -6 -53 -
---o-s--------~~-----b------L----~-~~-~~---~----~~------~~-------------~--~-~ 
Lithiurn Circuit 
(L-24) Lithium heater exit tube,d) 9 2250 4 4 < 1  23 
inches from boiler inlet, 








(L-25) Lithium heater exit tube,d) 9 2250 11 3 < 1  39 
50 - - I -17 10 inches fron. boiler inlet, inner 
0.020 inch of wall Avg. 14 6 < 1  44 
--------------------_l___s__________s___~----~~-------------------~----- 
Before test 16 5 1 42 - 
a) 0.060-inch swirl wire wrapped on and tack welded to 0.125-inch-OD 
b) 1-inch 03 x 0.10-inch wall thickness. 
c) Estimated temperature. 
d) 3/8-inch OD x 0.065-inch wall thickness. 
center body, 
21 
Vapor 31 Carryover Line 





Aouter  0.020~' 
Oxygen Analysis Shown i n  ppm 
Pre-Test Analysis : 
3/8-inch Tube - 10 
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Figure 11. Results of Oxygen Analysis of Loop Components from the T-111 Rankine System 
Corrosion Test Loop Following 10,000 Hours of Continuous Operation. 
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The area of t h e  second oxygen peak corresponds t o  the end of 
t he  swir ler  wire-plug i n s e r t .  A r ecen t ly  completed experimental 
study a t  GE-NSP on air-water flow i n  tubes containing s w i r l  
 generator^'^) had ind ica ted  the  behavior of l i q u i d  i n  tubes con- 
t a i n i n g  plug i n s e r t s  similar t o  t h a t  employed i n  t h e  T-111 Corrosion 
Loop. 
T-111 Corrosion Loop would ind ica t e  that t h e  I D  of t h e  potassium 
containment tube w i l l  become void of l i q u i d  potassium; however, 
l i qu id  potassium w i l l  s t i l l  flow up t h e  plug i n s e r t  s i n c e  t h e  p r e s -  
su re  is low i n  t h e  center. A t  t h e  end of t h e  insert ,  t h i s  l i q u i d  
potassium is  thrown t o  t h e  I D  of t h e  potassium containment tube 
where it immediately is  converted t o  vapor. The t r a n s f e r  of l i q u i d  
from t h e  plug i n s e r t  t o  t h e  containment tube w a l l  is  i l l u s t r a t e d  
f o r - t h e  air-water flow tests i n  Figure 12. Since the  a i r  water 
tests are performed a t  ambient temperatures;  t h e  conversion t o  vapor 
on contact  wi th  t h e  tube w a l l  does not occur as i t  does f o r  t he  case 
when the  tube walls are hot such,as i n  a b o i l e r .  Oxygen contamina- 
t i o n  of the  T-111 w a l l  i n  t h i s  area can the re fo re  occur by t h e  same 
The r e s u l t s  of t he  air-water-flow study(5)  as appl ied t o  t h e  
process as previously descr ibed.  The oxygen concentrat ions of t h e  
centerbody and s w i r l  wire a t  t h e  t o p  end of t h e  plug were a l s o  high, 
supporting t h i s  pos tu l a t e .  
A comparison of t h e  oxygen concentrat ion i n  the  inner  and outer  
w a l l  segments of t h e  uninsulated vaporca r ryove r  l i n e  ind ica t e s  very 
minor oxygen pickup (30 ppm) i n  t h e  T-111 from t h e  chamber environ- 
ment during t h e  10,000 hour tes t .  
As shown by i t e m  L-5 i n  Table IT, t h e  n i t rogen ,and  carbon con- 
cen t r a t ions  i n  t h e  outer w a l l  specimens taken from t h e  3/8-inch 
potassium containment tube i n  t h e  area of t h e  HfN depos i t  are higher 
than  f o r  any o the r  evaluated por t ion  of t h e  loop. Since e s s e n t i a l l y  
a l l  of t h e  carbon and n i t rogen  concent ra t ions  shown i n  Table I ,  I1 
and I11 are a t  least equal  t o  t h e  p r e t e s t  value,  i t  must be assumed 
t h a t  t h e  source of these  elements  is t h e  unevaluated por t ions  of t h e  
l i t h ium c i r c u i t  e 
(5’Bond, J. A . ,  The Design of Components f o r  an Advanced Rankine Cycle T e s t  
F a c i l i t y ,  presented a t :  F i f t h  In t e r soc ie ty  Energy Conversion Engineer- 




Figure 12. Flow Pattern at End of S w i r l e r  Wire Plug Insert (From Reference 5 ) .  
I n  add i t ion  t o  performing chemical ana lyses  on t h e  loop com- 
ponents, t h e  vapor impingement areas of Stage 1, 2, 4 and 6 blades 
were a l s o  analyzed f o r  C, 0,  €I, N. As can be seen i n  Table I V ,  no 
s i g n i f i c a n t  change r e s u l t e d  from t h e  10,000 hours exposure. 
Also, ana lyses  were performed on t h r e e  l a y e r s  of t h e  0.002-inch 
t h i c k  Cb-1Zr dimpled f o i l .  Table V summarizes t h e s e  resu l t s  and shows 
t h a t  t he  oxygen increased by a m a x i m u m  of 293 ppm. It should be 
noted t h a t  t h i s  is equiva len t  t o  an increase of 6 ppm i n  the  0.1-inch 
pipe w a l l  assuming uniform d i s t r i b u t i o n  across t h e  w a l l ;  and i f  a l l  
t h e  f o i l  contamination is assumed t o  occur from one s i d e .  This cal-  
cu la ted  inc rease  is i n  reasonably good agreement wi th  t h e  14 ppm 
measured increase shown i n  Table 111. 
As is a l s o  shown i n  Table V, t h e  carbon concent ra t ion  of t h e  
f o i l  increased s i g n i f i c a n t l y  = This  increase is cu r ren t ly  not under- 
s tood;  however, a s i g n i f i c a n t  increase  i n  t h e  carbon concent ra t ion  
was a l s o  observed f o r  t h e  thermal i n s u l a t i o n  f o i l  from the  5000 hour 
Cb-1Zr tes t  previously repor ted .  ( 6 )  
c) Weight and dimensional changes 
The p re -  and p o s t t e s t  weight and dimensional measurements have 
been performed on the  t e n  t u r b i n e  s imula tors  nozzles and b lades .  
Neither t h e  weights shown i n  Table V I  nor t h e  nozzle dimensions 
shown i n  Table VI1 showed any s i g n i f i c a n t  change due t o  t h e  10,000 
exposure t o  potassium vapor. 
$3. 1900'F Lithium Loop 
On May 18, 1970, t h e  1900'F Lithium Loop completed t h e  i n i t i a l  2500 
hours of t e s t i n g  and was shut  down as planned. The f u e l  element test  
s e c t i o n  w a s  removed from the  loop, disassembled, and reloaded wi th  new 
f u e l  element specimens. The test s e c t i o n  was rewelded i n t o  t h e  loop and 
f i n a l  prepara t ions  are being made t o  f i l l  t h e  loop and continue t e s t i n g  
f o r  an add i t iona l  5000 hours. 
1. Loop Operation 
The 1900'F Lithium Loop success fu l ly  completed t h e  planned i n i t i a l  
2500 hours of t e s t i n g  as scheduled. Loop opera t ing  temperatures j u s t  
p r i o r  t o  the shutdown are shown i n  Figure 13. After i n s t a l l a t i o n  of 
'6)Hoffman, E.  E .  and Holowach, J., Cb-1Zr Rankine System Corrosion Test Loop, 
Potassium Corrosion Test oop Development Topical Report No. 7, NASA-CR-1509, 
1970 p.  250. 
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TABU3 I V  
RESULTS OF CHEMICAL ANALYSIS OF TURBINE s1-m~ BLADE SPECIMENS* 
ING THE 10,000-HOUR msT 
Nozzle I n l e t  Chemical Analysis, ppm 
C 0 - H - N - Specimen Description Temperature, OF - 
Stage No. 1 Blade  
Mo-TZC Alloy 
Stage No.  2 Blade 
Mo-TZC' Alloy 
Stage No. 10 Blade 
Mo-IZC Alloy 
3 e P 1700 
1800 6 
AVge 9 4 C 1 1750 
1890 3 3 1 1700 
2142 12 
6 -- -- I 
1471 
1800 6 
Avg, 5 4 1 1750 
- _ I  - 8 -
14 4 < 1 1600 
1500 -- _I_ 5 - 9 -
Avg. 11 4 e 1 1550 
Before T e s t  1 1 1 1600 
1 1600 
Avg. 3 1 <1 1600 
- 5 -
Stage No.  6 Blade 
Cb-132M Alloy 
1664 19 9 1 1600 
1 1600 
Avg. 18 11 1 1600 
- -  12 -17 -
Before T e s t  7 7 < 1 19GO 
1500 - -  8 
Avg. 11 7 e 1 1700 
u 
15 -
* Chemical ana lys i s  sample taken from the  vapor impingement region 




RESULTS OF CHEMICAL ANALYSIS OF Cb-Ur FOIL* 
THE VAPOR CARRYOVER TUBE FQLIXTWING THE 10,000-HOUR TEST 
Estimated Chemical Analysis, ppm 
C - H - N - O Specimen Temperature OF - 



























































Chemical analysis  sample taken from t he  s t a r t  of t h e  heat  r e j e c t i o n  
zone. Foil thickness  0.002 inch. 
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TABLE V I  
W I G H T S  OF TURBINE SIMULATOR N a Z L E S  AND BLADES BEFORE AND AFTER 






































Weight, ‘a) grams 
B e f o r e  T e s t  A f t e r  T e s t  C h a n g e  B e f o r e  T e s t  A f t e r  T e s t  C h a n g e  
Nozzle B l a d e  
- 25 e 1496 25.1490 -0.0006 265.4495 (b) 
25.3640 25.3640 0.0000 263.9073 263.9007 -0.0066 
25 e 1849 25.1832 -0.0017 257.1087 257.0958 -0.0129 
25 e 3275 25.3262 -0.0013 257.6389 257 e 6286 -0.0103 
25.1817 25.1803 -0.0014 257.6719 257.6620 -0.0099 
26.5918 26.5918 0.0000 272.0057 272 -0074 +O .0017 
25.3579 25.3565 -0.0014 256.7299 256.7234 -0,0065 
25.2678 25.2656 -0.0022 253 1244 253 dl65 -0 * 0079 
26.5369 26.5364 -0 .0005 268.8649 268.8658 +O .0009 
25.2144 25.2127 -0.0017 251.5495 251.5372 -0 .a23 
‘a)Average of d u p l i c a t e  measurements 
‘b)Not m e a s u r e d ;  b o n d e d  t o  T-111  a l l o y  f i t t i n g  
TABLE VI1 
TURBINE SIMULATOR NO!ZZLE THROAT DIAMETERS BEFORE AND AFTER 
10,000 HOURS EXPOSURE I N  TME T-111 RANKINE SYSTEM CORROSION TEST LOOP 




































Diameter , (a) inches 
Before T e s t  . After  T e s t  Change 
0 .089175 0.089327 + 0.000152 
0 .OS7925 0.087810 - 0.000115 
0.096380 0.096215 - 0.000165 
0 .lo8275 0.108307 + 0.000032 
0 e 118060 0.118050 - 0.000010 
0.129225 0.129185 - 0.000040 
0 e 145737 0.1458CO + 0.000063 
0.159837 0.159790 - 0.000047 
0.178425 0.178562 + 0.000137 
0.198644 0.198595 - 0.000049 
(a)Measurements performed by Sheff i e l d  Corporation, Dayton, Ohio.  
Reported accuracy is 0.00005 inch and is  t h e  average i n  dupl icate  
measurements 90' apar t  
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~~t~ 5-18-70 ' Test Time 2500 
Chamber Pressure 2.3 lo-' 
Heater A 305- v 
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Figure 13. 1900'F ithium Loop Operating Temperatures - 2500 Hours. 
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t he  constant vol tage transformer(7) t h e  loop operated very w e l l ,  and no 
more shutdowns due t o  vol tage i n s t a b i l i t i e s  were encountered. Except 
f o r  t he  f irst  100 hours, t h e  loop operated f o r  t h e  e n t i r e  test period 
on automatic cont ro l  with no manual adjustments necessary.  
2. T e s t  Chamber Environment - P a r t i a l  Pressure G a s  Analysis 
The chamber pressure and p a r t i a l  pressure of the var ious gaseous 
spec ies  i n  t h e  test  chamber during t h e  en t i r e  2500 hours are shown i n  
Figure 14.  During t h e  las t  ha l f  of t h e  test t h e r e  is a general  t rend 
f o r  the  p a r t i a l  pressures  to level o f f .  Although da ta  poin ts  are shown 
a t  250-hour i n t e r v a l s  f o r  c l a r i t y ,  t h e  chamber pressure is monitored 
continuously,and p a r t i a l  pressure gas  analyses  are performed at  l e a s t  
once every 24 hours (except f o r  weekends when no su rve i l l ance  is used) .  
3. Loop Shutdown 
Upon completion of t h e  2500 hours of t e s t i n g ,  t he  l i th ium w a s  hot 
dumped (lOOO°F) i n t o  t h e  surge tank and. then immediately drained i n t o  
the  a l k a l i  metal t r a n s f e r  sys t em charge pot and a sample taken. The 
loop was then pressurized through t h e  blowdown l i n e  t o  f u r t h e r  remove 
any l i th ium.  Analysis of t h e  l i th ium compared t o  the  p r e t e s t  ana lys i s  
i s  shown i n  Table V I I I .  The increased oxygen is cons is ten t  w i t h  d i s -  
so lu t ion  of oxygen from t h e  T-111 loop Components and has been observed 
previously.  (7) The increased ni t rogen is  somewhat unusual; t h e  only 
known s i g n i f i c a n t  sources  of n i t rogen  are the  c l a d  UN f u e l  p e l l e t s  and 
the  ASTAR 8 1 1 C N  corrosion specimens. 
Complete explanat ion,  t he re fo re ,  of t he  increased ni t rogen must 
await the  f i n a l  p o s t t e s t  eva lua t ion  of t h e  c lad  f u e l  element specimens 
and the  ASTAR 811CN specimens. 
4 .  Li thium D i s t i l l a t i o n  
Af te r  cooling a l l  components t o  room temperature,  the  vacuum chamber 
b e l l  j a r  w a s  removed. Visual inspec t ion  of t h e  loop showed a l l  components 
t o  be i n  exce l l en t  condi t ion .  The Cb-1Zr dimpled f o i l  thermal i n s u l a t i o n  
was removed from the  f u e l  specimen test  sec t ion .  The loop with f o i l  
removed is shown i n  Figure 15. Two new l aye r s  of f o i l  were appl ied and 
Advanced Refractory Alloy Corrosion Loop Program Quarterly Progress 
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Figure  14. T e s t  Chamber E n v i r o n m e n t  D u r i n g  T e s t i n g  1900OF Lithium Loop. 
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Figure 15. 1900°F Lithium Loop Following I n i t i a l  2500 Hours of Operation, 
Thermal Insu la t ion  F o i l  Removed from Fuel Specimen Test Section. 
(Orig, P70-5-19D) 
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a tungsten r e s i s t a n c e  furnace  placed around t h e  f u e l  specimen test  
s e c t i o n  (as shown i n  Figure 16); f i n a l l y  t h e  b e l l  j a r  w a s  replaced on 
t h e  spool p iece .  Af te r  evacuating t h e  loop and vacuum chamber, the 
bakeout ovens and t h e  surge tank  hea te r  were turned on t o  br ing  a l l  
loop temperatures t o  a minimum of 400'F. Residual l i t h ium was then  
d i s t i l l e d  from t h e  f u e l  test s e c t i o n  fo r  e i g h t  hours a t  1900'F u t i l i z - -  
ing  t h e  tungsten r e s i s t a n c e  hea te r .  During d i s t i l l a t i o n ,  t h e  loop w a s  
evacuated us ing  t h e  ge t t e r - ion  pump i n  t h e  l i t h ium t r a n s f e r  system. 
Af te r  cool ing  a l l  components t o  room temperature, t h e  b e l l  j a r  and 
d i s t i l l a t i o n  furnace were removed and a l l  electrical, gas, and l i q u i d  
metal l i n e s  w e r e  disconnected from t h e  spool p iece .  
5 .  Removal and Replacement of Fuel Element Test  Section 
Af te r  completion of t h e  above ope ra t ions ,  t h e  loop w a s  moved from 
t h e  tes t  area t o  t h e  weld labora tory .  The loop  and spool p ieces  were 
then mounted i n  t h e  motor dr iven  r o t a r y  weld f i x t u r e  which was i n s t a l l e d  
i n  t h e  eight-foot-diameter weld chamber as shown i n  Figure 17. The weld  
chamber was then  evacuated and b a c k f i l l e d  wi th  helium according t o  GE- 
NSP Spec i f i ca t ion  03-0025-00-A. The f u e l  test s e c t i o n  was removed by 
c u t t i n g  t h e  loop wi th  a tub ing  cu t t e r  a t  l o c a t i o n s  @ and @ 
shown i n  Figure 18; and t h e  open ends of t h e  loop plugged wi th  expandable 
s toppers  p r i o r  t o  opening t h e  weld chamber t o  a i r .  The f u e l  specimen sub- 
assembly w a s  radiographed t o  ve r i fy  t h e  i n t e g r i t y  of t h e  specimens, and 
f i n a l l y  a cut was made a t  l o c a t i o n  shown i n  Figure 18 t o  remove 
t h e  f u e l  specimens. Visual examination showed a l l  components t o  be i n  
exce l l en t  condi t ion ,  and no traces of l i t h ium were present  , i nd ica t ing  
the  e f f e c t i v e n e s s  of t h e  1900'F d i s t i l l a t i o n ,  The appearance of the T-111 
c l ad  f u e l  specimens and Mo-TZM spacers  before and a f t e r  t h e  2500 hours 
l i t h ium exposure is shown i n  Figure 19. The p o s t t e s t  specimens are shown 
i n  the  a s - d i s t i l l e d  condi t ion  and were not f u r t h e r  cleaned p r i o r  t o  t h e  
photograph. Some d i s c o l o r a t i o n  of t h e  Mo-TZM spacers  w a s  observed. Af t e r  
removal of t h e  f u e l  specimens from t h e  housing, they were radiographed t o  
v e r i f y  t he i r  i n t e g r i t y ;  no d i f f e r e n c e  could be seen between t h e  p r e t e s t  




Figure 16, 1900°F Lithium Loop Showing Tungsten Furnace i n  Pos i t i on  Around Fuel  
Specimen T e s t  Sect ion as i t  w a s  Used f o r  Lithium D i s t i l l a t i o n  and 
Postweld Annealing. (Orig, P70-5-19E) 
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, 
Figure 17. 1900°F Lithium Loop Mounted on Motor Driven Rotary F ix ture  i n  8-Foot 
Diameter Weld Chamber. (Orig. P70-6-3A) 
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Figure 19.  Components of Clad Fuel Elenient Specimen Subasgembly (a) Before and (b) After 
2500 Hours Exposure to Flowing Lithium at  1900 F.  
Except the Spacers Which are Mo-TZM. 
A l l  Components are T-111 
(Orig. P70-6-8AP P69-9-31C) 
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A f t e r  p ick l ing ,  t h e  f u e l  t e s t  s e c t i o n  w a s  reassembled reusing the 
same T-111 end caps and housing. Specimens were inse r t ed  i n  t h e  follow- 
ing sequence : 
Lithium 1. T-111 c l ad  f u e l  element LT-5: un te s t ed .  
2 e Mo-TZM spacer:  un tes ted  
3. T-111 c lad  f u e l  element LT-2: t e s t e d  dur ing  t h e  i n i t i a l  
F1 ow 
2500 hours of t h e  190O'F Lithium Loop. 
4 .  Mo-TZM spacer :  t e s t e d  during t h e  i n i t i a l  2500 hours of 
t h e  1900'F Lithium Loop. 
5. T-111 clad f u e l  element LT-6: un tes ted  conta in ing  a 
long i tud ina l  c l ad  de fec t  (planned) as shown i n  Figure 
20, 
This subassembly w a s  then rewelded a t  l oca t ion  
then  welded back i n t o  t h e  loop a t  loca t ions  @ and @ , according 
t o  GE-NSP Spec i f i ca t ion  03-0025-00-A. The loop w a s  then  removed from 
t h e  weld chamber and f ixture ,  and subsequently moved back t o  t h e  tes t  area.  
Ail thermocouples were r epa i r ed ;  two l a y e r s  of Cb-1Zr  dimpled f o i l  were 
@ (Figure 18) and 
applied t o  t h e  f u e l  t es t  s e c t i o n ;  and t h e  tungsten r e s i s t a n c e  h e a t e r  was 
reassembled around t h e  f u e l  test  s e c t i o n .  The spool piece and b e l l  j a r  
were placed on t h e  vacuum chamber sump, and pumpdown of t h e  chamber w a s  
i n i t i a t e d  i n  prepara t ion  f o r  t h e  postweld annea l .  The anneal was performed 
f o r  one hour a t  2400°F wi th  a maximum chamber pressure  of 6 x 10 t o r r .  
During t h e  anneal a l l  vacuum chamber bakeout heaters and t h e  surge tank  
heater were turned on t o  maintain loop temperatures a t  a minimum of 400'F. 
Also, during t h e  anneal t h e  loop w a s  evacuated through t h e  blowdown l i n e  
t o  prevent pressure buildup by t h e  h igh  temperature. The loop w a s  leak 
checked before and a f t e r  t h e  anneal by p res su r i z ing  t h e  loop w i t h  50 ps i a  
argon through t h e  blowdown l i n e  while monitoring the vacuum chamber f o r  
argon with t h e  p a r t i a l  p ressure  gas ana lyzer .  N o  l eaks  were de tec ted  
during e i the r  check. 
-6 
After  removal of t h e  annealing furnace,  t he  f u e l  specimen test 
s e c t i o n  w i l l  be wrapped wi th  Cb-1Zr dimpled f o i l  and o the r  f i n a l  pre- 
para t ions  made p r i o r  t o  f i l l i n g  t h e  loop wi th  l i t h ium and r e tu rn ing  t o  
t h e  1900°F test condi t ions .  
* 
* 
On Ju ly  31, 1970 t h e  loop was brought t o  test condi t ions .  
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I 
I n t e n t  ionally-Pro duced 
Cladding Defect 
Figure 20. T-111 Clad Fuel Specimens (LT-6) I lAus t ra t ing  1/4-Inch Long Clad 
Defect P r i o r  t o  Testing i n  t h e  1900 F Lithium Loop. (P70-6-1A) 
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6 .  Pos t t e s t  (2500 hours) Evaluation 
The weight change of t h e  T-111 c l ad  f u e l  element specimens and 
Mo-TZM spacers  was measured a t  t h e  completion of t h e  2500 hours of 
t e s t i n g .  The resu l t s ,  summarized i n  Table1X. show a 2-3-mg weight 
loss on the  f u e l  specimens and a 3-4-mg weight ga in  on t h e  space r s .  
The r e l a t i v e l y  high percent change i n  weight of t h e  spacers  c o r r e l a t e s  
with the  observed d i sco lo ra t ion  shown i n  Figure 19. Metallographic 
inspec t ion  w i l l  be performed on the  spacers  at GE-NSP. A l l  p o s t t e s t  




WEIGHTS OF FUEL ELEMENTS AND SPACERS BEFORE AND AFTER 2500-HOUR 
EXPOSURE TO F W I N G  ~~~I~ AT 1900'F 
Fuel Specimen No, (a) Before T e s t  After Tes t  Change 
LT-1 135,9875 g 135.9853 g 4 . 0 0 2 2  g 
LT-2 135.2553 g 135.2524 g -0.0029 g 
LT-3 135.5796 g 135.5769 g -0.0025 g 
( b) Spacer Number 
LT-1A 8.7253 g 8.7289 g +0.0036 g 
LT-2A 8.6406 g 8.6446 g +0.0040 g 
(a) T-111 clad UN. 
( b, Mo-TZM. 
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Y 
Continue p o s t t e s t  e v a l u a t i o n  of l o o p  components Prom t h e  T-111 
Rankine System Corrosion T e s t  Loop. 
I n i t i a t e  remaining planned 5000 hours of t e s t i n g  on t h e  ~ ~ Q O O F  
Lithium Loop. 
Complete t o p i c a l  report  on potassium reflux capsu le  tests and 
l i th ium thermal convec t ion  capsu le  tests on advanced tantalum a l l o y s .  
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